Entertainment technology increases children's engagement in educational activities designed to develop abilities ranging from collaborative problem-solving and cognitive attention to self-esteem. However, little research has been done on designing educational and entertaining interactive technology for kindergarten children (up to 5 years old). Furthermore, most of the work in this area has considered traditional input devices such as the mouse and keyboard, which are not suitable for these very young children. More recently, other more intuitive means of interaction (touch and tangible interfaces) and advanced educational artifacts such as robots have emerged. In this work we therefore present a joint collaboration between technologists and kindergarten instructors to design and evaluate a technological platform using a mobile robot for kindergarten instruction, as well as an intuitive and user-friendly tangible user interface. The results obtained suggest the platform is not only usable by kindergarten children, but it also allows them to be fully immersed in a feeling of energized focus, full involvement, and enjoyment in the process of the activity. In addition, the instructors reported that the system was well accepted and praised its versatility in use as a supporting tool for their everyday classroom activities.
INTRODUCTION
Children today are born in a technological era and are introduced to technology at a very early age. As a result, there are many examples that have proven the virtues of technology in even the earliest stages of learning programs. Entertainment technology in particular increases children's engagement in educational activities and kids using computers may acquire pro-social behaviors and develop collaborative problem-solving abilities, cognitive attention, and selfesteem [15] .
Even though considerable research in this area involves primary school children (aged 6 to 11 years) [1, 2, 36] , less attention has been paid to (pre-)kindergarten (up to 5 years old) users, perhaps because their cognitive and motor skills are not mature enough to be participants in interactions with computers via traditional peripherals such as mouse and keyboard. However, in recent years, more direct and intuitive means of interaction for children have been sought and these have been mainly enabled by touch interfaces [9, 19] and Tangible User Interfaces (TUIs), which present an added value in early childhood education "as they resonate with traditional learning manipulatives" [28] . On the other hand, the use of robots as an educational tool is gaining momentum. As Li et al. [14] point out, robots capture the imagination of children and, consequently, "using robots to support teaching and learning […] has become a popular research topic". Nevertheless, very few studies in this area target children as young as those considered in this paper. This motivates us to carry out further studies that contribute to understanding the challenges, limitations and opportunities of these technologies in the context of kindergarten learning.
In this context, this work presents a technological platform aimed at supporting learning activities for kindergarten children using a TUI based on graspable interactive elements and a mobile robot. The platform was designed iteratively in two phases. Phase 1 consisted of building the first version of the prototype after a preliminary discussion between the design team and educational research specialists on the basic technological features a tangible-robotic infrastructure should have. The goal of this prototype was to serve as a starting point for Phase 2, which involved interviews with nursery educators, who proposed alternative designs in order to make it more suitable for the target users and to facilitate educational scenarios that had not been envisioned previously. Another version of the prototype emerged from these two phases, which was then evaluated through an experiment with children from two local kindergartens in order to assess its usability and the impressions and behaviors observed in the participating children. Since several studies reveal gender differences in young children with respect to visual-spatial (e.g., [13, 18] ) and problem solving (e.g., [36] ) skills, the experiment studied whether boys and girls performed and reacted differently with/to the platform.
The results obtained suggest the platform can be used by kindergarten children, who were found to enjoy using the system and had high levels of flow [20] . The instructors also reported that it was well accepted and praised its versatility as a supporting tool for their everyday classroom activities.
In sum, this paper contributes to the field by providing an evaluation of a mobile robot controlled by user-friendly tangible elements in the context of kindergarten settings. Also, it reports instructors' insights about design requirements for such a platform and about the activities that can be conducted with it.
RELATED WORK
The present work is influenced by previous research on Child-Computer Interaction. Traditionally, this area has focused on interaction with computers and, therefore, via the keyboard and mouse. Hourcade et al. [8] , for instance, study the impact of mouse size on precision tasks concluding that when designing for very young children one should devise specific interactions taking into account that their motor skills are not yet fully developed. Another similar experiment conducted by Liu [15] concludes that, even though kids interact fairly well with the mouse, this device is not very intuitive for them since they instinctively try to make touch gestures on the computer screen. In a similar direction, Antle et al. [2] make a comparison between mouse-based and tangible interfaces to identify interaction patterns in children solving a spatial task. They observe that TUIs enable more exploratory actions, which in turn provide faster and easier ways of interaction.
On the other hand, others have explored in depth tangibleonly interactions with children. Dekel et al. [4] suggest that digitally augmenting a physical game such as using blocks to help children's spelling may have a positive effect on kids' enjoyment. Africano et al. [1] present the design of an interactive table with tangible tools to foster co-located collaboration, which they identify as a key element for learning that has not been explored in detail. Their platform is evaluated by teachers but who do not participate in the design phase. As a result, some activities are estimated to be too complex for children, but the authors do not present an alternative design. In turn, Marco et al. [16] also present a tangible-mediated tabletop for kindergarten instruction which is reported to trigger positive reactions from the children. With this platform, the kids engage in co-located activities by manipulating physical toys that have a fiducial marker attached that is recognized by the computer vision software of the tabletop. Although children were involved in the design process as testers, the teachers did not participate in this phase. Another interesting study is presented by Tsong et al. [34] who propose a design for a tangible multimedia learning system in which QR codes are attached to objects the children are already familiar with. Children are induced to show the tagged elements to the camera of a laptop and, as a result, some appropriate related content is displayed on the screen. Their study concludes that their platform enhances children's enjoyment and learning performance.
Finally, there are other works that analyze the use of robots in early childhood education. Osada et al. [21] present PaPeRo, a robot that could be used as a tool to teach manners, communication, etc. to elementary school children. Tanaka et al. [30] present QRIO, a humanoid robot aimed at encouraging toddlers to move and dance. However, their interaction with the robot is very limited, and as their only task is dancing, the proposed platform is limited in terms of learning activities it may enable. Another interesting work by Soute and Nijmeijer [27] presents an owl-shaped robot that plays story-telling games with children aged 4 to 6. The robot narrates a partial story which children must complete by showing some flashcards to it. The results of the game sessions show that the system is engaging for kids. Ghosh and Tanaka [7] present a Care Receiving Robot (CRR) that adopts the role of the pupil and children act as teachers in order to learn English vocabulary. The experiments show that children are very motivated at first but tend to feel frustrated and bored if the robot gives right or wrong answers too often. Later, Tanaka and Matsuzoe [31] suggested that, in general, learning is enhanced if the CRR is used and concluded that this robot is able to teach verbs to kids aged 3 to 6. In addition, besides training linguistic abilities, Tanaka and Takahashi [29, 32] design a TUI in the form of a tricycle to remotely control a robot, which, as suggested in [17] , could be used to develop spatial capabilities in young children. The authors later conduct an experiment [29] in order to evaluate the intuitiveness of the interface with respect to a video game controller, and conclude that, even though the participants were able to complete more tasks with the tricycle, no significant differences were found in terms of preferences between both tangible interfaces.
The above analysis reveals, firstly, a trend of usually considering interactions based on mechanisms other than tangible and robotic elements. Secondly, it shows that most works tend to focus on children aged 4 and over when considering their interaction with technology. Thirdly, it makes clear that instructors are not always participants in the design process of technology-based instruction environments. However, in our opinion they are a fundamental element who can provide a valuable contribution from their practical experience for the successful development of future kindergarten educational systems.
This work is a step forward in this direction and contributes to the field by evaluating an initial collection of design rationales obtained in close collaboration with kindergarten instructors and that should be taken into consideration when devising future learning ecosystems based on tangible and robotic elements for kindergarten children.
Our work shares several similarities with the commercial robot Bee-bot 1 , which consists of a bee-shaped programmable robot that can move around the floor. Bee-bot accepts movement commands by pressing some arrow buttons on its back. However, in our opinion, its control interface presents an elevated cognitive load that could be an issue for its use with children less than 4 years old. First, in order to give it a movement command, at least two actions are required (one to select the direction and then press the "go" button); and, second, since the robot only traverses a short distance per command, should the children want to make it follow a long path, they would be required to give many more commands. Additionally, the platform can only move following straight lines, because it only supports 90º turns, and cannot support very well simultaneous interactions because of its limited interaction space and its incapacity to accept simultaneous commands. In addition, our design allows the specification of tangible elements with RFID tags encoding a pre-programmed set of sequential movement commands.
PLATFORM DESIGN Phase 1: Initial Prototype
The design of the first prototype emerged from discussions between the design team and educational research specialists in order to obtain an initial concept design that would trigger further discussion about the actual requirements for the final platform. The first design iteration analyzed the best strategies to support Lentz et al.'s guidelines [10] , which suggest technology for children should: a) support children's mobility, b) provide interaction with the real world, c) enable socialization, d) allow adult supervision and intervention, e) provide a variety of sensorial experiences, f) offer symbolic play (i.e, using objects, actions, or ideas as a form of representation), and g) limit children's exposure to the device.
As a result, the first design consisted of two major components: a mobile robot and some small cards as a tangible mechanism to communicate with. The cards (see Figure 1 ) consist of two small laminated sheets with an RFID tag in between, which encodes movement orders (move forward, stop, turn left, turn right) that are given to the robot by 1 https://www.bee-bot.us/ bringing them close to its RFID reader (see Figure 2 ). The robot was constructed using the Lego TM Mindstorms ® Ev3 platform, which facilitates rapid prototyping of multiple versions. It communicates by means of a Bluetooth link with an external mobile phone connected to an RFID reader. The phone is able to process the RFID tags enclosed in the cards, produces visual feedback and sends movement control commands to the robot by a Bluetooth link.
Phase 2: Review Sessions with Instructors and Design Refinement
Unstructured interviews were conducted with twenty-five educators from three different nurseries in order to obtain some insights into the design of the platform and the requirements to make it suitable for kindergarten environments. The participants had on average 17.27 years of experience (SD = 10.33) in the field of kindergarten education, ranging from 3 to 36 years and all were females. They were organized into seven discussion groups in which the procedure was as follows: Firstly, they were introduced to the different parts of the platform. They then watched a running application in which a card was shown to the robot which started to move until a different card made it stop. After the demo, they were asked open questions regarding the design of the different components of the prototype to encourage group discussion. These conversations were recorded and subsequently analyzed.
All the educators participating in the interviews expressed concerns about children dismantling the robot and putting the pieces into their mouths. As one teacher pointed out, "kids really have to touch everything". Some of them were also worried about the fragility of the robot (e.g., "this robot in my class wouldn't last a day"). And some advised us to change its appearance to make it more appealing to children. The following solutions were proposed:
 Make the robot more robust and safe by enclosing it in a protective plastic case.  Equip the robot with a pretty costume to give it a friendly plush toy-like look.  Give the children a similar looking plush toy for them to manipulate, and bond with, which they can hold as they watch the actual robot move.  Enable the robot to play audio files (music and sounds).  Embed the RFID tags into "more manipulative" objects or change the materials of the cards into something "nicer" than plastic.
A second version of the prototype was produced after considering these comments. The cards were replaced by distinctive figures made of EVA foam, which contain the RFID tag. These shapes can be attached to sticks by Velcro ® strips (see Figure 3 ) to make it easier for the kids to bring the shapes closer to the RFID reader. The commands these sticks represent, as can be seen in the figure from left to right, are: move forward, stop, turn left, and turn right. The proposed representations were obtained after discussions with educators who suggested that a representation based on shapes and colors would be favorable because these concepts were being taught to children. Besides, the use of arrows as a mechanism to describe turning commands was discarded because sticks could be approached to the robot from different points and with different rotations. As Figure 4 depicts, the robot's design was also modified by protecting it with a plastic case and attaching a Disney Wall-E plush robot to it. The RFID reader was moved outside the box and attached to the stuffed robot so that the kids could give it commands by putting the sticks to Wall-E's "chest".
POTENTIAL EDUCATIONAL ACTIVITIES
Besides the refinement of the platform's design, another result of the unstructured interviews with kindergarten educators was a discussion about whether the proposed robot and TUI could be used effectively in their everyday classes. In this respect, they found two different sets of activities that could be conducted with the platform, one for the youngest children (aged from 24 to 42 months), and another for the older ones (aged 43-60 months). They did not think such technology was appropriate for kids less than 24 months old. Specifically, tasks for the youngest should be more focused on psychomotricity and sensorial experiences (e.g., touching, tasting, smelling, etc.), whereas the activities envisioned for older kindergartners could involve more complex cognitive skills such as establishing mappings between concepts.
There are several common requirements for both age groups, such as supporting activities for language learning (e.g., by playing songs), and giving the option to undo or correct a given action. The requirements specifically proposed by the instructors for children aged under 42 months suggest, firstly, that the activities should have a very short duration, because children often switch their attention to other stimuli of the environment; secondly, that these activities should involve small groups (up to four or five kids) in order to have all children under supervision; and, finally, as stated by one educator, "the activities should focus on these three basic concepts: movement, lights, and sound". Some examples of activities pointed out by the instructors that could be conducted with the youngest age group are:
 Teaching children what a robot is and how it moves.
They could watch the actual robot while playing with their own plush toy proxy.  Teaching children where the source of a given sound is by driving the robot to its apparent location.  Using a card or a tangible object that represents a concept (colors, animals, etc.) and making the robot find a representation of this element in the classroom (e.g., a plush toy). In this case, the robot may be either directly controlled by children or able to move autonomously.  Training psychomotor skills by making the robot move, possibly reproducing a sound to attract the attention of the children, and stimulate them to follow it. According to the instructors, this scenario could also be useful to teach children concepts such as "move/stop", "quick/slow", or "forwards/backwards", as they had seen the robot do during the demonstration.
Alternatively, teachers found additional more complex cognitive stimulation activities that could be supported with this technology for children in the second age group. In this case, the proposed size of the groups was increased to 7-9 kids. The educational activities suggested by the educators that could be performed with the platform can be summarized as follows:  Moving the robot and making children repeat the movements afterwards. This could be done in the context of storytelling activities where, for example, the robot is looking for treasure and the kids must remember where the treasure is and repeat the robot's movements.  Helping children associate concepts by placing some target objects on the floor and make them guide the robot towards one specific target. The selection of the element to be found could be done by the teacher telling them what to look for, or by making the robot reproduce a sound for the kids to identify. This way many concepts could be taught, such as colors, animals, professions, shapes, means of transport, etc. As one teacher expressed, in concept-association tasks "you can do anything, everything!"  A path could be drawn on the floor for the kids to follow in order to teach balance, with the robot in front to motivate them.  Teaching children how to make the robot move by remote control from a tablet or phone.
EVALUATION
After finishing the second version of the prototype, it received the approval of the educators, and evaluation sessions were conducted to assess whether the children could effectively control the movement of the robot using the sticks. According to Druin's categorization of the various participatory roles children can have in the design of new technology [6] , our participants acted as users/testers. The study consisted of several play sessions in which observational findings were recorded.
Participants
Sixty kindergarten children participated in this study with ages ranging from 26 to 53 months. Their average age was 38.17 months (SD = 5.94). Since several studies have found differences between young boys and girls in terms of performance in visual-spatial and problem-solving tasks [13, 18, 36] , the children were classified by gender and arranged in groups of four boys or four girls. As a result, fifteen different groups were evaluated, seven groups of males (aged on average 36.86 months, SD = 4.90) and eight of females (aged on average 39.31 months, SD = 5.44).
Procedure
Each session was conducted on a classroom floor area of 16m 2 (see Figure 5 ). First, a researcher showed the participants how the robot could be controlled by the sticks. Then, each kid in a group picked a stick, so that each one of them was in charge of a motion command, and practiced for one minute putting the foam shape close to the RFID reader and watching the robot move/stop accordingly. Once they had finished familiarizing themselves with the robot, they were asked to walk the robot from one point to another in the work space, where a Wall-E toy was placed. It was explained to them that they had to help the mobile robot reach its static plush friend, who was waiting for him so that they could play together. Once they made it reach its destination, the target toy was placed in a different location repeating this interaction 9 times for each group. A teacher supervised, guided, and encouraged the kids while they were playing, while two researchers took notes on the children's behaviors and impressions. After the session, the teacher, who knew the children's personalities and had experience in interpreting their behaviors and emotional states, reviewed the researchers' notes and completed or corrected them.
Method
Product of a previous discussion with the instructors, several observational dimensions were considered during the course of the activity regarding emotional, social, and interaction issues:
 Positive impressions: including all the pleasant and favorable reactions of the children towards the platform, namely, excitement, non-stop desire (i.e., not wanting the activity to stop), interest about the robot's technology, and astonishment.  Negative impressions: consisting of all unpleasant reactions to the activity, such as frustration when they wanted the robot to move and failed to give the command properly, shyness, and lack of interest in the game.  Social behaviors: According to Parten [22] , at the age of 2-3, children start to play side by side in the same activity in what she calls "associative play", which produces certain social involvement, until they learn how to collaborate. Hence, it is interesting to see how socialization and collaboration emerge when using the platform.  Interaction patterns: referring to specific interaction strategies that children exhibited during game play.  Usability problems: evaluating the main sources of interaction errors in our platform during the course of the activity.  Task completion: If the task is not successfully completed, this dimension provides general insights into the fundamental reasons for failure.
Figure 5. Kids playing with the robot during the experiment

Observational Findings
The kids played for a period of 10 to 24 minutes (M = 15.0, SD = 3.92), except for one group of boys that had to stop after 6 minutes because two of them started kicking the robot and the plush toy.
Emotional Issues
The first general impression observed during all sessions was the existence of some gender differences. In this respect, as shown in Figure 6 , girls were shyer than boys when first approaching the robot, namely, they kept their distance and required the teacher to encourage them to make a first contact with the device. They also did not speak much during the course of the activity. One girl even refused to participate and had to be replaced by another classmate. However, this feeling was mitigated once they were introduced to the robot and watched it move, where some smiles appeared and shyness was, in some cases, replaced by astonishment (this impression was also more frequent in girls). The overall impression was that children had high levels of flow, as defined by Nakamura and Csikszentmihalyi [20] , i.e., the majority of them were fully immersed in a feeling of energized focus, full involvement, and enjoyment in the process of the activity with only 10.71% of boys and 9.38% of girls showing a lack of interest in the robot and the activity. In some cases, they tried to move the robot but failed in bringing the stick to the correct place where the RFID reader was located, but hardly any of the kids felt frustrated about this and continued in a mental state of flow, although boys seemed to enjoy the activity more. They were more excited and anxious to play (e.g., one of them, before the researcher finished explaining how the robot moved, took a stick and screamed "I want to, I want to!"). Boys were also more interested than girls on the technological components that composed the robot. They asked about the RFID reader and the smartphone ("There's a phone inside!", "It has a phone, why?"). And, finally, they were also less willing to stop the activity ("Again, again!", "Now where do we put it [the target plush toy]?").
Social Issues
The social behaviors observed and the proportion of the evaluated groups exhibiting at least one sign of a specific type of social behavior are summarized in Figure 7 . The categorization of the observed behaviors was made in collaboration with children educators. Firstly, in many groups the figure of a leader appeared, who tried to direct the others (sometimes without success), and this was more frequent among girls (62.5% of the groups) than boys (28.57%) even of similar age. Secondly, 28.57% of the male groups showed at least one member who did not want to share the interaction with the rest (solitary play in terms of Parten's categorization), but this behavior was not observed in girls. This could suggest a higher degree of maturity among females. Thirdly, it was surprising that none of the female groups showed any trace of collaboration between its members, although this was a frequent behavior observed among the male groups (57.14%). Some traits of collaboration observed among the boys were: helping and correcting one another (e.g., a kid saying "Not like that" to another when the latter brought the stick to the wrong place), or coordinating their actions in order to complete the task ("Now you!", "Me, me, me!", "stop it!", "don't turn, it goes by itself").
The observed interpersonal skills were discussed with educators who confirmed these categories were consistent with everyday play with traditional toys in the classroom context. In addition, it is interesting to consider the work by Parten [22] in observing and describing how social play develops in preschool children. In her studies she described development of social play into six categories: unoccupied behavior, onlooker behavior, solitary play, parallel play, associative play, and cooperative play. The first two categories are considered to be non-play behavior, and the last three are indicators of social participation. In terms of this categorization we may conclude that our platform enables associative and cooperative play because, as stated by Parten, the child plays with other children, the communication concerns the common activity, all the members engage in a similar activity and the group is organized in terms of different roles for the purpose of making some material product or striving to attain some competitive goal. 
Interaction Issues
Besides performing the basic interactions to move the robot, other types of interaction were observed (see Figure 8 ).
Although not very frequently, some boys and girls (7.14% and 12.5%, respectively) stopped playing and removed the protective plastic case from the robot in order to inspect the contents. Nevertheless, the kids were mostly focused on the task at hand, and a few of them were so immersed in the activity they started complementing the commands given with the sticks with oral instructions: "Come here, here!", "Turn, turn, turn!" Other differences were observed between boys and girls: whereas the latter were more patient, the former were generally more nervous and wanted to be constantly controlling the robot. With respect to this, 15.63% of the girls showed some strategic behaviors in order to complete the task, such as looking at the target while making the robot turn in order to know when they were facing each other so they could stop turning. On the other hand, some of the boys (10.71%) were so eager to use their sticks that they got confused and tried to give commands to the plush-only target instead of the electronic robot, because another boy was actually at that time interacting with the latter. Another reason supporting this claim of boys being more nervous and active than girls is that more than half of them (53.57%) had fun sword fighting with the sticks when they were not controlling the robot (e.g., it was moving forward or it was being controlled by someone else), and 17.86% of them repeatedly hit the robot with the sticks.
Regarding usability problems, the main reasons for interaction errors were also analyzed, and, as shown in Figure 9 , the main reason for boys failing on giving a command to the robot was they were all interacting at the same time, which happened in 71.43% of the groups. This is probably related to boys being more active and nervous than girls, as explained previously. Also, in 14.29% of the groups there was at least one interaction that did not succeed because the boys blocked the robot with their own bodies once they had given it a command (e.g., by putting their foot on the same side they wanted the robot to turn to). Girls' interaction errors, however, were equally due to all of them interacting at once and placing the stick somewhere else than in front of the RFID reader (e.g., on the robot's head, back, etc.). This error, however, did not occur among the boys.
Task Completion
On average, the task of making the robot meet the plush toy was successful 71.43% of times for the boys, and 69.44% for the girls. However, when they failed it was mainly due to three reasons: the kids not knowing what to do, losing interest in the game, or holding and moving the robot manually without using tangible elements. The main reasons for the boys were, as Figure 10 depicts, not knowing what to do in 42.86% of the groups (e.g., the robot went into a wall and they did not know how to correct its course because the RFID reader was not accessible), and, to a lesser extent, losing interest in the task. The groups of girls presented higher percentages of these reasons than the boys. In 62.50% of them there was at least one case where they stood idly not knowing what interaction to perform next, in 37.50% of the groups lack of interest happened in one or more tasks, and, finally, in 12.50% of the groups there was a girl who did not make use of the sticks, and took the target and moved it to the robot, hence claiming she had completed the task.
GENERAL DISCUSSION
The previous results can be analyzed according to several dimensions.
Firstly, it should be considered how effectively the technology can keep children in the mental state of flow which several studies recognize as a key factor in promoting learning. In this respect we may conclude that the platform was positively perceived by most children, who showed signs of amusement and stayed focused during the activity. Boys, however, showed a more explicit attitude towards the platform, as revealed by higher levels of physical spontaneity and joy, a higher number of observable complaints about having to leave the game, and a higher number of inquiries about the robot's underlying technology. This is consistent with previous studies that analyzed gender differences in playful behavior among kindergarten children [37] . This study reveals that boys are rated significantly higher than girls in measures of physical spontaneity and manifest joy. The fact that boys showed higher levels of interactivity with the robot is also validated by previous research, which suggests that girls tend to be more passive than boys, often playing inside [26] and are more likely to exhibit sedentary, constructive play [25] while boys prefer to engage in gross motor and functional play [24] . Nevertheless, despite these previous works, it must be taken into account that gender behaviors may also be influenced by other factors such as parental gender stereotypes, previous experiences with technology, and previous experiences of the boys in the class.
Secondly, some interesting observations need to be discussed here on aspects of collaborative coordination and social behavior. Whereas girls showed a more hierarchical strategy, in which a "leader" emerged and directed the task (although their instructions were not necessarily heeded), boys showed more collaboration traits. This observation is not consistent with previous research [5] which found that boys' social interactions tend to be focused on dominance, with the role of a leader very often present, whereas girls have a stronger convention for turn taking with peers in decision making. This is also confirmed by Thorne [33] , who found that boys' play is usually hierarchical in nature, whereas girls' games are usually collaborative. However, these results were observed with older elementary school children, in whom, according to Lever [11, 12] , sex differences emerge in the formation and organization of play. Therefore, it remains to be confirmed whether the social organization and roles observed in our experiment can be generalized for the earlier stages of development (prekindergarten and kindergarten). In this respect, further research with a higher number of groups needs to be done in order to confirm or refute this hypothesis.
It is also worth noting that in our experiment boys also showed a more dominant attitude, since they were more prone to conflicts with respect to having exclusive access to the robot's functionality. This agrees with previous research [23] , which found girls more likely than boys to express behaviors that mitigate a conflict, whereas boys are more likely to exhibit different forms of heavy-handed behavior to resolve conflicting situations.
Thirdly, in terms of task completion and interaction problems it has to be pointed out that, even though the children were able to complete most of the tasks, there were some cases in which they did not know how to proceed, e.g., when the robot walked into a wall and made the RFID reader inaccessible. Some mistakes were also observed in girls concerning the correct placement of the stick when giving the robot a command. These mistakes more often observed in girls may be related to two cognitive issues. In the first place, as discussed in [35] , the findings of numerous studies demonstrate that male children typically outperformed females in spatial ability tests, including spatial perception. In the second place, this may also be related to boys being usually engaged in more physical and spatial play, whereas girls are more involved in pretense (imaginary or simulated) game. i.e., they prefer fantasy play without the benefit of realistic props [3] .
Finally, another dimension worth considering is the educators' impressions. These generally expressed excitement about the platform and the possibility of using it as a support in their everyday classroom activities. Most of them acknowledged technology as a great motivating element for very young children. As a teacher expressed, it is very easy to capture their attention "simply by waving a paper in the air", but keeping them focused is more challenging. Technological devices cause attraction, hence retaining the kids' attention for longer periods of time. Furthermore, when they were asked whether this effect was caused by the devices per se or simply by being introduced to something new, some interviewees answered that, although the novelty factor had an important effect on the attraction, it did not seem to be crucial, because most children were already used to dealing with technological devices such as smartphones or tablets, and these still had the same captivating effect on them. Regarding our prototype in particular, some teachers remarked this platform would cause an interesting change of paradigm in their way of presenting new knowledge to the kids. In their opinion, this would be done in a more effective way by increasing children's focus on the activity. Almost all the educators praised the versatility of the platform, which could be used to teach a great variety of educational subjects and be used to make group activities (in contrast to using other more private devices such as tablets). Furthermore, some of them also appreciated the tangibility of the interactions in terms of being simple and understandable without requiring complex configurations on a digital display that would force educators to concentrate on the technology instead of on the children.
CONCLUSIONS AND FUTURE WORK
In this paper we have presented the iterative design of a mobile robot controlled by a TUI to be used in the context of kindergarten educational activities. We have taken into account the insights and actual needs of nursery teachers in order to refine the design of the platform, and an evaluation has been made with actual children in order to test its usability. The results seem to indicate the platform causes high excitement among them, mostly in boys, and they generally have fun with it, in a permanent state of flow. In addition, the majority of them are able to complete the tasks, which is a reason to believe that the interaction is simple and intuitive enough for kindergarten children. Teachers also report good acceptance towards implanting the system in their classrooms, and they also foresee many activities that could be conducted with it, which makes this platform useful and versatile for kindergarten instruction.
In future work, we would like to explore in depth some of the behaviors observed, such as the relation between the appearance of a leader and collaboration between participants. Also, it would be interesting to go deeper into evaluating the goodness of the tangibility of the interaction versus remotely controlling the robot via other mechanisms, such as direct touch on a tablet or using a joystick, and also to study the effect on the experience of the shape of the tangible sticks compared to other different objects or materials. Furthermore, taking into account the educational activities proposed by the educators, more complex tasks will be devised in order to test whether the platform actually contributes to improving the learning of kindergarten children.
